2
which is an admixture of two configurations, where c 1 and c 2 are their respective coefficients. 1 The f 13 (bipy as a methyl group, increase the reduction potential relative to hydrogen, Table 1 , while a CO 2 Me group decreases the potential. Increasing the torsion angle should raise the reduction potential, since twisting the 2-pyridyl groups out of coplanarity will move the energy of * 1 closer to the energy of * 2 and * 3 orbitals. Although the value of the reduction potentialfor 3,3'-Me 2 bipy is not available in the literature, the energy of the empty orbital should behave qualitatively like those in twisted ethylene. 4 Several examples of methyl-and dimethtylsubstituted bipyridine adducts of Cp* 2 Yb have been reported that are consistent with the correlation between n f and the reduction potential. In this article, we prepared the neutral and cationic adducts between 3,3'-Me 2 bipy andCp* 2 Yb in order to explore the physical properties of the adducts with a bipyridine ligand with a large torsion angle. The results of these and earlier studies support the contention that the redox properties of the individual molecular fragments that comprise the adduct, Cp* 2 Yb and x,x'-Me 2 bipy, determine the extent of electron correlation between them. Results.
Synthesis and Physical Properties.
The preparation of Cp* 2 Yb(3,3'-Me 2 bipy) follows the general synthesis procedure used in earlier articles, that is, addition of 3,3'-Me 2 bipy to Cp* 2 Yb(OEt 2 ) 10 in toluene followed by crystallization at -20°C. The green crystals melt at 310-312°C (Scheme 1). Scheme 2.
X-ray Crystal Structures.
The ORTEP's of the neutral and cation adducts are shown in Figures 1 and 2 . The crystallographic details are available in Supporting Information and some bond length and angles are listed in Table 2 . In both adducts, the coordination number and geometry about ytterbium are the same as are the torsion angles in the coordinated 3,3'-Me 2 bipy ligands, the intramolecular bond angles, and the C(2)-C(2') distances; the average Yb-N and Yb-C, however, are rather different. shows that it is due to the methyl groups. Unfortunately, the resonance at  H = 313 ppm disappears into the base-line as the temperature is lowered and its temperature dependence cannot be determined. In solution, the adducts could have either C 2 or C 2v symmetry depending on the value of the torsion angle. In C 2v symmetry the average torsion angle is zero and therefore the methyl groups on each 2-pyridyl ring are eclipsed. Thus the dynamic process of C 2 ⇌C 2v ⇌C 2 will have a high activation energy. [24] [25] [26] [27] 
Magnetism and XANES Studies.
The effective magnetic moment at 300 K for Cp Figure 6 shows that the Yb L III -edge XANES at 30 K and 300 K are nearly superimposable and therefore the ratio of Yb(II), f 14 to Yb(III), f 13 is independent of temperature and rules out a valence tautomeric equilibrium as a possible explanation for the temperature dependence of  eff . The XANES spectra can be fit into f 14 and f 13 components in a ratio of 83:17 at both temperatures and the resulting n f value is therefore 0.17. These results place Cp* 2 Yb(3,3'-Me 2 bipy) into a small subset of bipyridine adducts with low values of  eff and n f at 300 K reported previously (Table 3) . In the first two adducts in Table 3 , the metallocenes are bipy adducts of (C 5 Me 5 ) 2 Yb in which the substituents on the bipyridines are methyl groups in the 3,3'-position and methoxy groups in the 4,4'-position. These two groups are electron-donating since the reduction potential of the corresponding free ligandsare more negative than that in free bipy and therefore more 14 difficult to reduce (Table 1) . Unfortunately the reduction potential for 3,3'-bipy is not available, but the influence of substituent effects is clear (see Table 1 ). The third and fourth adducts listed in Table 3 show the influence of the substituents on the metallocene: C 5 Me 5 is more strongly reducing than C 5 H 4 Me, as shown in Table 1 
Calculations.
The CASSCF methodology, similar to the methods used in the previous studies, gives the calculated singlet-triplet energy separations and n f values listed in Table 4 . Table 1 ), which in turn affects the configuration of the open-shell singlet ground state and utimately the magnetism of the adduct. This expectation is met in Cp* 2 Yb(3,3'-Me 2 bipy) since the torsion angle is 38°, the magnetic moment is one of the lowest observed at 300 K, as is the n f value of 0.17. These experimental results are in reasonable agreement with the calculated value of n f in Table 4 The relation between the redox potential and n f provides a guide to the extent of unpaired spin density located in the bipy and related heterocyclic amine adducts of ytterbocenes. The redox properties of the uncoordinated fragments in the molecular adducts, however, are only a guide since these values change on coordination; the redox potentials in Table 1 show that Cp* 2 Yb is thermodynamically incapable of reducing bipy, but electron transfer does occur.
Distribution of unpaired spin density in the ligand orbitals, after the initial electron transfer event, alters the configurations involved in the multiconfigurational ground state and therefore the magnetic properties of the adducts. The amount of unpaired spin density at a given site in the ligand orbitals is crucial for understanding chemical reactivity, which is our ultimate goal.
One such example, cleavage of a specific C-H bond in the 4,5-diazafluorene adduct of Cp* 2 Yb, has been published 30 and other will be published in due course. below the triplet state. The relative population of these two configurations, expressed as n f , depends on the redox properties of the individual fragments of the adducts. Accordingly, the substituents on each fragment play a role in determining the composition of the multiconfigurational ground state and ultimately the magnetic properties of the resulting adducts. 31 The multiconfigurational ground state is, in this model, the way ytterbium avoids the extreme values of its possible oxidation numbers which allows the adducts to obey
Conclusions
Pauling's electroneutrality principle, and behave as if they are covalent molecules. [31] [32] [33] Experimental.
General considerations.All reactions were performed using standard Schlenk-line techniques or in a drybox (MBraun). All glassware was dried at 150 °C for at least 12 h prior to use.
Toluene and pentane were dried over sodium and distilled while CH 2 Cl 2 was purified by passage through a column of activated alumina. Toluene-d 8 and C 6 D 6 were dried over sodium.
All the solvents were degassed prior to use. Infrared samples were prepared as Nujol mulls and taken between KBr plates and recorded on a Thermo Scientific Nicolet IS10
spectrometer. Samples for ultraviolet, visible, and near-infrared spectrometry were prepared in a Schlenk-adapted quartz cuvette and spectra were obtained using a Varian Cary 50 scanning spectrophotometer. Melting points were determined in sealed capillaries prepared under nitrogen and are uncorrected. Elemental analyses and mass spectra (EI) were determined by the Microanalytical Laboratory of the College of Chemistry, University of California, Berkeley. X-ray structural determinations were performed at CHEXRAY, University of California, Berkeley. Magnetic susceptibility measurements were made for all samples at 5 and 40 kOe in a 7 T Quantum Design Magnetic Properties Measurement System, that utilized a superconducting quantum interference device (SQUID). Sample containment and other experimental details have been described previously. 22 The samples were prepared for X-ray absorption experiments as described previously and the same methods were used to protect the air-sensitive compounds from oxygen and water. 1 X-ray absorption measurements were made at the Stanford Synchrotron Radiation Lightsource on beamline 11-2. The samples were prepared and loaded into a liquid helium-flow cryostat at the beamline as described previously. 1 Data were collected at temperatures ranging from 30 to 300 K, using a Si(220) double-crystal monochromator. Fit methods were the same as described previously. Ligand.The original synthesisof 3,3'-Me 2 bipy, 3,3'-dimethyl-2,2'-bipyridine described in the literature, used the Ullmann methodology to couple two 2-bromo-3-methylpyridine molecules. 39 
